[Abstract] Mechanically-gated ion channels play key roles in mechanotransduction, a process that translates physical forces into biological signals. Epithelial and endothelial cells are exposed to laminar shear stress (LSS), a tangential force exerted by flowing fluids against the wall of vessels and epithelia.
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we were able to characterize basic features of the response of ENaC to LSS, such as time-course of activation, strain dependence, temperature dependence, and voltage dependence (Carattino et al., 2004 and . In addition, using ENaC mutant subunits that assemble to form channels that are either constitutively open (βS518K) or that can be locked in an open state by chemical modification (αS580C), we showed that fluid flow increases ENaC activity by changing the open probability of the channel (Carattino et al., 2004) . This finding was later confirmed using single channel analysis (Althaus et al., 2007) . Moreover, by combining the technique described herein and site-directed mutagenesis we were able to identify key structural elements in ENaC required for a response to LSS (Carattino et al., 2004 and 2005; Abi-Antoun et al., 2011; Shi et al., 2011; 2012a; 2012b and 2013) . Recently, we employed this technique to examine the regulation of MEC-4 and MEC-10 by LSS. These channel forming subunits are members of the ENaC/degenerin family expressed in C. elegans that are required for gentle touch in worms (Driscoll and Chalfie, 1991; Shi et al., 2016) . Other investigators have employed the technique describe here to study the response of K + channels expressed in the vasculature to LSS (Hoger et al., 2002; Fronius et al., 2010) . In summary, the technique described in this protocol is suitable to examine the molecular mechanisms by which fluid flow regulates the function of epithelial and endothelial ion channels. incubator until further use.
Materials and Reagents
4. Euthanize the frog by immersion in the anesthetic solution for 1 h, followed by a thoracotomy and heart removal. 3. Transfer ovary fragments to a 50 ml conical tube and wash 3 times with 50 ml of Ca 2+ -free SOS.
To wash the fragments, leave the tube in vertical position until the fragments sink to the bottom, then gently rotate the tube to dump the solution covering the pieces of tissue.
4. Transfer ~7 ml of washed ovary fragments to a 15 ml conical tube containing 3 ml of Ca We use mMessage mMachine transcription kits from Ambion. Use nuclease free water and nuclease-free tubes and tips to prepare and handle cRNA solutions.
2. Pull injection needles from 3.5" glass capillaries using a single step protocol (one step, heater level 65.1). Cut the tip to a 30° angle with a razor blade. The diameter of the tip of the injection needles should be approximately 50 µm.
Note: Injection needles with angled fine tips enable wound healing and increase oocytes survival.
3. Set the injection volume at 50 nl and the injection speed at fast. Fill the injection pipette with mineral oil using a syringe with a 25 G needle. Plug the filled injection pipette in the microinjector and push the mineral oil out with the 'empty' bottom ( Figure 3A ).
www.bio-protocol.org/e2224 2. Estimate required flow rate to achieve desired rate of LSS as indicated in step D2.
3. Fill the perfusion syringes with TEV solution. Adjust the perfusion rate of the bath solution to ~3 ml/min. Adjust the flow of the fluid-shearing pipette to the desired rate with the flow valve. The flow rate is determined by gravimetry by collecting fluid for a minute in a pre-weighted tube.
Alternatively, a flowmeter can be connected in line with the perfusion system to measure the flow rate.
4. Pull recording pipettes from 4" glass capillaries (1.5 mm) using a two-step protocol with the micropipette puller (set heater level step 1 at 47.2 and step 2 at 62.1). Backfill glass pipettes with 3 M KCl and gently tap them to release air bubbles from the tips.
5. Transfer an injected oocyte to the center of the recording chamber (see Figure 5B ). I+LSS is calculated by subtracting the benzamil-insensitive current to the peak current evoked by LSS (Iflow). 
